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The Nitric Nitrogen Content in the 
Country Rock 
By Robert Stewart and William Peterson. 
In many ar~d sections of Western America there have been 
reported marked accumulations of nitrates in the cultivated 
soil. Hilgard/ who was the first to observe these accumulations, 
believed that the nitrates are being formed at the pre ent time 
by the rapid nitrification of the organic matter contained in 
the soil. In Colorado there has been considerable trouble with 
orcha'rds dying; the death of the trees in some cases has been 
attributed to the excessive accumulations of nitrates in the 
cultivated soil. These accumulations are due, according to Dr. 
Headden,z to the fixation of atmospheric nitrogen by bacteria 
now at work; the organic nitrogen thus formed by the non-
ymbiotic bacteria being at the same time converted into 
nitrates. 
During their investigations at the Utah Experiment Station, 
the writers have observed two conditions: one where the soil 
is free from alkali and contains only a normal amount of nitrates, 
-less than 10 p. p. m.;3 and another where the soil contains an 
excess of water so luble salts together with an accumulation of 
nitrates. The analyses of soils representing these two conditions 
are shown in the following table: 
These results clearly indicate that the nitrate accum~lations 
occurring in certain western soils are associated in some way 
with the other 'water soluble salts, since excessive accumulation 
of nitrates are always accompanied by an excess of other alkali 
salts and no excessive accumulations of nitrates are known in ' 
soils free from alkali. It appears either (1) that the alkali salts 
exert a marked stimulating influence upon the nitrifying bacteria 
at the present time, or (2) the nitrates are derived from the 
country rock, which contributes to the 'soil formation. 
IHilgard. Soils, p. 68. 
~H eadden , Bull. Colorado Exp. St a, 155 and 178. 
3P. p, M. equal parts per million, 
TABLE 14.-NITRIC NITROGEN CONTENT OF' ALKALI-FREE SOILS AND OF SOIL CON-
TAINING ALKALI. RESULTS REPORTED AS PARTS PER MILLION OF NITRIC 
NITROGEN. 
No·1 A lkali Free Soil 'IP.P.M. 
I I 
1 IRothamsted Soil, after fallow, 1883-----1 
2 IRathamsted Soil, after clover, 1883 ____ _ 1 
3 Rothamsted Soil, Bokara ______ ___ ____ 1 
4 Rothamsted Soil, vetches ___ __ _________ 1 
5 Rothamsted Soil, lucern ____ __________ _ 1 
6 Rothamsted Soil, wheat __ _____________ 1 
7 Utah Irrigated Soil, alfalfa __ ___________ 1 
8 Utah Irrigated Soil, potatoes __________ 1 
9 Utah Irrigated Soil, oats __ ________ ____ 1 
10 Utah Irrigated Soil, corn __ ____________ 1 
11 Utah Irrigated Soil, fallow __ ____ ______ 1 
12 Utah Dry-farm Soil, wheaL ___________ 1 
13 Utah Dry-farm Soil, virgin ___________ 1 
14 IUtah Dry-farm Soil, alfalfa ___ __ _____ _ 1 
1.3 
2.2 
1.3 
3.8 
3.3 
4.3 
0.8 
1.8 
1.5 
1.5 
5.4 
0.8 
1.0 
1.8 
1 I 
No·1 Soil Containing Alkali IP.P.M. 
1 I 
1 ITypical Shale Soil, Green River ________ 1 10.0 
2 One-eighth inch crtl st on soiL _________ _ 1 12.0 
3 Loose Salts __ _____________ ___ ...: ~ ______ I 2000.0 
4 Shale Soil _________________________ __ 1 42.0 
5 "Dead Soil," Green River ____ __ ____ __ __ 1 18.0 
6 Decomposing Shale ______ __ ___ _______ 1 354.0 
7 Decomposing Sandstone ___ ___________ 1 30.0 
8 White Alkali, Uintah Basin ____________ 1 3360.0 
9 Black Soil __ _________ _______ _________ 1 280.0 
10 Virgin Soil in Utah County ____________ 1 225.0 
11 First foot So. Ut. Ex. Farm ________ ___ 1 22.0 
12 Tenth foot So. Ut. Ex. Farm, 1905 ___ __ _ 1 38.0 
13 South. Utah Exp. Farm, 1910 __________ 1 1298.0 
14 i"Bad Lands" of Dixie ___ ____ _____ ____ 1 599.0 
'Stewart. The Intensity of N itri ficat ion in Arid Soil s. Centralblatt fur Bakteriologie Zweite Abt. Bd. 36 S. 486. 
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The first assumption has been shown to be untenable by 
Lipman/ who shows that the alkali salts, sodium carbonate, 
. sodium chloride and sodium sulphate not only do not have a 
stimulating effect on nitrification, but actually have a greater 
toxic effect on the nitrifying bacteria than they do upon the 
higher plants. 
Considerable evidence has been presented by the Utah Ex-
periment Station2 in favor of the conception that the nitrates are 
derived from the country rock in a similar manner to the alkali 
itself. Attention has been called by one of us to the close rela-
tionship existing between the nitrates and chlorides occurring 
in the soils of Colorado. This relationship may be seen by an 
examination of Table 2, wherein the ratio existing between 
chlorine and nitric nitrogen in certain spots is clearly demon-
strated. 
These results, being derived from observations covering a 
period of several years, indicate that if in any given "nitre spot" 
there is a large amoun·t of nitric nitrogen there is also a large 
amount of chlorine, or if the "nitre spot" contains a small amount 
of nitric nitrogen it also contains a small amount of chlorine. It 
is difficult to conceive why these two components of a "nitre 
spot" should vary directly with one another in this manner un-
less their presence in the "nitre spot" is the result of the same 
cause acting on both. The data indicate, therefore, that the nitric 
nitrogen is derived from the country rock the same as the chlorine 
is, and that both are transported together to the "nitre spot" by 
the movement and evaporation of irrigation and ground waters. 
Considerable additional data is presented elsewhere1 by the 
senior author in favor of the latter assumption. As shown in the 
paper referred tn, analysis of the shales and sandstones revealed 
the pre~ence of large quantities of nitric nitrogen. The investi-
gations heretofore reported led to the belief that the nitrates 
found in many of the alkali soils of Colorado and Utah were 
derived from materials accumulated in the ancient inland seas 
of that section and were concentrated locally by the leaching 
action of the water. 
1 Lipman, C. B., T oxic Effects of Alkali Salts in Soils on Soil Bac-
teria II N itri fi ca tion. Centralblatt fur Bakteriologie, Zweite Abt. Bd. 33, 
S. 305. 
2Utah Experiment Station Bulletin No. 114. 
lStewart. The Intensity of N itrification in Arid Soils, Centralblatt 
fur Bakteri ologie Zweite Abt. Bd. 36, 1913, S. 477. 
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TABLE 2.-NITRIC NITROGEN, CHLORINE AND TO-
TAL SALTS. RESULTS RECORDED AS POUNDS 
. PER ACRE IN TWO INCHES OF SOIL. 
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5 1 995 IAug. 25, 1910------1 85267 I 22110 7316 I 1 :3.0 
947a May 14, 1910----- -1 77333 I 19040 5072 I 1 :3.8 
I 1013 ISept. 3, 1910__ ____ 48(x)() I 18460 2405 I 1 :7.7 
I 863 INov., 1909 ________ 1 39400 I 11190 1678 I 1 :6.7 
1 959 IJune 11, 1910 ______ 1 226661 4874 976 1 1 :6.1 
-I " I · I I I 
6 1 1069 IMay, 1911 ____ ____ 1 45333 I 21050 943 I 1 :22 
. . 784 May, 1909 ________ 1 31200 I 10620 382 I 1 :28 
I I I I \ 
I I 1 I 
13, 141 819 Sev. yrs. ago------I 55443 I 5522 231 I 1:24 
I 818 Sev. yrs. ago_~ ____ I 51200 I 5211 205 I 1 :25 
I 816 Sev. yrs. ago-- ---- 8865 I 473 24 1 1 :20 
I I 1 1 1 
1 
1- \ --I r 
1075 .May, 1911 ________ 1 '57266 1 6733 1 4152 1 1 :2.0 
1 815 ' June 3, 1909 ______ 1 6566 I 744 I 220 1 1 :3.5 
1 1061 IMarch, 1911 ------1 9780 I 421 I 210 11 :2.0 
19 I 59510ct., 1907 --------1 222200 I 30460 \1055 1 1 :28.9 
I 981 1.1911 - ___________ 1 189600 1 18520 1 1517 1 1 :12.2 
I 826 11909 - ----------_1 108666 1 14730 1 428 1 1 :34.4 
1 
822 11909 - -----------1 213800 1 11760 \ 295 \ 1 :40 
590 IOct., 1907 ________ 1 50460 2248 1 trace 1----· 
20 837 Sept., 1909 _______ / 86400 1 13660 1 5138 I 1 :2.7 
842 Sept., 1909 _______ 69333 I 13780 I 7013 1 1 :2.0 
841 Sept., 1909 _______ 1 68667 1 12230 I 6977 I 1 :1.8 
1 680 IFeb., 1908 _____ ___ 1 36133 I 8368 1 3151 I 1 :2.7 
22, 231 1027 Oct., 1910 ________ 1 151400 1 3977 I 1002 \ 1 :4.0 
I 1029 Oct., 1910 · ________ 1 76467 1 3808 1 765 1 1 :5.0 
1
1028 Oct., 1910 ________ 1 29733 1 3948 1 730 1 1 :5.4 
1046 Feb. , 1911 ________ 1 8600 I 1499 I 378 I 1 :4.0 
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In autlining the present wark, the abject has been to. deter-
mine the nitrate cantent af the shales, limestanes and sandstanes 
of these aId inland seas, and thus determine if the nitrates faund 
in the sails cauld have their arigin in the cauntry ~ack. If this 
shauld prave passible, it wauld be impartant to. have a knawledge 
. af which gealagical harizans cantributed to. this result. In the 
canduct af the investigatian these twa main paints have been 
kept in view. 
The gealagy af the sectian has been warked aver mare ar 
less to. determine the coal values in the sectian, and while it has 
aften been reparted2 that the shale filling cantained an abundance 
af alkali salts, unfartunately, fram an agricultural standpaint, the 
attentian af the gealagist has been primarily cancentrated an 
the ecanamic value faund in the caal, ar in the ail faund in the 
shales underneath and no. attentian has been given to. the agri-
cultural value af the disintegrated shales ar af the agricultural 
significance af the salts knawn to. be present. 
The material found in the area indicates that a great deal 
af the depasit made during Cretaceaus and Tertiary times has 
. been influenced by arid climatic canditians. The area, including 
the eastern part af Utah, western half af Calarada and sauth-
western part af Wyaming, was cavered with water during upper 
Cretaceaus times, leaving the Uintah anticline as an island in 
the sectian. 
The fallawing table taken fram the publicatians af the U. S. 
Gealagical Surveyl will illustrate the thickness and amaunt af 
these beds: 
:!u. S. G. S. Bull. No. 371 , pp. 14. 
IU. S. G. S. Bull. 371 , opposite p. 12. 
-_._-
Green River Light colored sandstone, limestone and shale ~ith 
Tertiary ____ . Eocene _____ . Formation, beds of rhyolitic ash and lenses of salt and gypsum. Thickness Wasatch , Coal beds and layer of dark colored shale. Forms 3000 ft. 
Ft. Union ___ floor of Uintah basin. 
Montana ____ Mesaverde __ Alternating layers buff sandstone and shale, with 12000-4000 ft. beds of workable coal near base. 
Upper ~ Mancos ___ __ Black and blue gray shale with light colored sand-I 1000-3000 ft. Cretaceous __ stone near top. 
Colorado- (I Dakota ____ _ . Buff sandstones, highly colored shale with car-I 300-2500 ft. 
bonaceous shale and some coal at the base. 
Unconformity. 
J urassic__ I,Brown, yellow and red colored sandstone with lenses of limesto ne and gypsum I 500-2000 ft . 
oj:>. 
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DAKOTA AND MANCOS 
UNDIVIDED 
-
GREENHIVER TERTIARY 
The accompanying map w ill give approximately -the areas 
covered by the outcropping of the members belonging to -the 
Cretaceous and Tertiary formations. It w ill be noted that the 
Cretaceous formations are found around the marg ins of the Ter-
tiary, and it can be quite safely stated that the Cretaceous mem-
bers extend underneath occupying about the same area as does 
the Tertiary. 
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JURAssic BEDS: The Jurassic beds contain highly col-
ored .red, yellow, gray, green or blue shale and sandstone rang-
ing from fine grain to coarse grits. In- the upper members of 
the deposit are often found thin lenses of limestone and an ac-
cumulation of gypsum. The accu~ulation and position of the 
gypsum beds would seem to indicate that they had resulted from 
precipitation from the water' of isolated brackish lakes. 
At the end of Jurassic times the inland sea, in which the 
Jurassic deposit accumulated, disappeared and the area was sub-
jected to erosion. This probably took place during lower Creta-
ceous times. Later the section was again covered with an in-
land sea and deposits were laid down unconformably on top of 
the Jurassic. 
As shown in the table above, these belong to the Dakota 
beds, the lower part of which were composed of conglomerates 
and coarse sandstones, above which are carbonaceous shales and 
some low grade coal, overlain by more sandstone and' highly 
colored shales. Above the shale are found thick beds of light 
colored sandstone, shales and dark brown sandstones. 
At about the end o(the Dakota period there seems to have 
been some shifting and readjusting of the land as the Dakota 
beds are found to be quite thick in the northern section where 
the Mancos are thin; while in the southern section the Mancos 
are found to be exceedingly thick in places where the Dakota 
is comparatively thin. 
MANCOS: The Mancos is composed of dark drab colored 
shale with a few bands of gray to brownish gray sandstones. The 
dark shales weather and crumble rapidly. They for.m cliffs when 
covered with a layer of resistant sandstone. This is the weather-
ing of the Book Cliff section. 
Where they are not capped with the sandstone .the beds do 
not form abrupt ledges, but weather off into rather rounded sym-
metrical clay ~ills ,-at least they appear to be clay hills. This 
disintegration of the shales gives rise to a very sticky, plastic clay 
, which forms numerous cracks when dry, but becomes a continu-
ous coat of plastic clay when wet. ,The material is so close 
grained that when -rain falls upon it, it seals up all the pores and 
cracks so that water does not seem to penetrate it. These hills 
are very sparsely covered with vegetation and it is not an un-
usual thing to see an area of more than an acre which does not 
contain a single plant. 
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Samples have been taken from these shales from every place 
visited, in beds ranging from the lowest to the highe~t, and the 
nitrate content determined, which is shown in Table 4. 
On these rounded clay hills one seldom has to dig more 
than a foot before shale is found in place. However, the ma-
terial covered is not uniform, especially on top of the clay knolls. 
The usual condition is that on the surface is from one to two 
inches of earthy clay, under which is from one to six 
inches of what appears to be a gray ashy material. On close 
examination this proves to be crystals of salt together with 
flocculent clay. Immediately under this is found the shale in 
place. Samples of the clay and gray ashy material, and the 
shale in place were taken separately,' and the analyses show the 
nitrate contents of each. " 
The dark colored shales show numerous crystals of gypsum 
in the cracks and bedding planes. Where the shale is dry and 
considerably weathered the gypsum appears like white flour. In 
the seams of the shale, but a foot or more under the surface in 
the same place, the crystals are still firm an"d so lid. 
At Emery, Utah, th e gypsum crystals were not only taken 
out 6f the bedding plane of the thick layers, but "numerous cross 
fractures were found which were also filled with gypsum crystals. 
Many of these cro s fractu res were as much as a half inch thick 
and pieces of gyp urn th is thickness a foot long were removed 
from the shales. 
MO JTAN Overlying the lVfancos is the Montana Mesa-
verde formation w hich are essentially sandstones, shales and 
grits, light gray to dark brown in color. "Carbonaceous shales 
with thick beds of workab le coal occur near their base, while 
sandstone occurs in the upper part. "Transition marked by in-
crease of sandstone upward and appearance of brackish and fresh 
water arise instead of marine conditions."* 
The upper layers of sandstone are often foun d in thick 
lenses, and in many places contain hig4 percentages of gypsum. 
The vegetation accumulated in these shallow seas resu lted in 
the formation of coal. The sea seems to have increased suf-
ficiently after the formation of the coal so the area was covered 
with thick layers of sand and shale; but the sea does not seem 
to have continued without interruption. A rid conditions seem 
*Professional Paper No. 71, United States Geological Survey, 
page 671. 
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to have again prevailed and the sea was reduced so that isolated 
portions became brackish, and from these isolated waters gypsum 
and other salts were precipitated. 
At the end of the Montana series the sea seems to have 
again entirely disappeared and the area was subject to erosion. ' 
In the beginning of Tertiary times the section was again 
covered with inland seas over much the same area as that oc-
cupied by the upper Cretaceous.. The lower portion of these 
Tertiary deposits cqnsisted of yellow and redish-yellow sandy 
clays with regularly bedded sandstones, with some conglomerates 
near the base, over which were deposited thin beds of light 
colored sandstones associated over much of the area, especially 
in Utah, with rhyolitic ash beds and fresh water deposits. In 
some places the ashes show distinct stratification as though they 
had fallen into the inland sea and had been worked over by the 
water. 
The upper part of the Tertiary is composed of shaly sand-
stone and arenaceous shale; and in some 'sections thick beds of 
subbituminous coals. The shale and much of the sandstone are 
gypsiferous and in many places contain high percentages of 
sodium salts. 
N ear the close of the period the high evaporation .seems to 
have so reduced the sea that parts of it became isolated lakes and 
from these brackish deposits were precipitated the salts and gyp-
sum in question. 
The Green River formation is composed essentially of light 
colored thinly laminated beds, characterized by light colored thin 
bedded shales. In appearance these shales of the Green River 
formation are much like those of the Mancos, especially some of 
the light colored and thinner beds. 
The Green River shales weather into a series of "bad lands" 
and it is not an unusual thing to have a large area entirely devoid 
of plants. Samples have been taken from sections in all the places 
visited in Utah, Colorado. and Wyoming and the results are given 
in Table No.9. 
Samples of the rock, alkali incrustations, clay, ash, etc., oc-
curring in the native state, unmodified by cultivation, were col-
lected and submitted to analysis . Determinations were made of 
water soluble salts, including carbonates, chlorides, sulphates and 
nitrates of calcium, magnesium, sodium and potassium. The 
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pres~nt paper, however, discusses only the nitrate content of the 
country rock. The data concerning the other water soluble salts 
is reserved for a future paper. 
The samples of material collected and analyzed were ob-
tained in place. No attempt was made to secure samples of 
alkali, clay or other material from cultivated fields, but the ma-
terial collected was obtained in its undisturbed condition as de-
posited or as weathered in place. For convenience of observation 
this material has been classified as Cretaceous, Tertiary, Jurassic, 
and miscellaneous soil forming material, each being subdivided 
into sandstone, shale, alkali , ash and clay. 
SOIL FORMING MATERIAL OF CRETACEOUS ORIGIN. 
In Table 3 the results of the analysis of the samples of Cre-
taceous sandstone for nitric nitrogen are recorded. The results 
are reported as parts of nitric nitrogen per million and as pounds 
of sodium nitrate per two million pounds of material. 
It will be noted from a study of these data that appreciable 
quantities of nitric nitrogen occur in the sandstone obtained 
from widely separated localities. The Cretaceolls sandstone oc-
curring at Grand Junction, Colorado, gave the highest results. 
An acre of soil formed from this sandstone would contain in 
the plowed surface, six and two-thirds inches, enough nitrogen 
as nitrate already in the soil, for the production of a 20-ton crop 
of sugar beets for ten years, without the addition of any organic 
nitrogen or the formation of nitrate from organic nitrogen at 
the present time. While if conditions were favorable, as under 
influence of irrigation water, it is fully conceivable how the ni-
trate could easily become so concentrated as to be actually in-
jurious to vegetation. Two hundred pounds of sodium nitrate 
is regarded as sufficient application of nitrogen under ordinary 
farming conditions, yet there would actually be in the first ix 
and t wo-thirds inches of soil formed from this rock at least thirty 
times this amount. We thus have a striking explanation of why 
the "nitre spots" occur at Grand Junction on the sandstone 
mesas far above the shales. None of · the sand tone samples, 
representative as they are of widely separated sections of the 
country, contain a small a nitrate content as do our ordinary 
cu lti, ated alkali-free soils. 
o 
z 
"'0 
V 
ii: 
260A 
73 
80 
292 
81 
279 
88 
290 
242 
244 
245 
241 
TABLE 3.-NITRIC NITROGEN IN CRETACEOUS SANDSTONE. 
Description and Location of Samples. 
Red gritty sandstone, 25 mi. ' South Thompson's-- ---- _________ __ __ -I 
From top of Mancos shale, Grand Junction _________________________ 1 
Sandstone on top of Book Cliffs with white salts, Grand J ct., Colo. ___ I 
Sandstone, parting, Vernal, Utah ________________ __ __ __ ______ ' ______ 1 
Sandstone, contains no white salts, Grand Junction, Colo .. _________ _ 
Above Mancos shale, Vernal, utah ____ __ ' ____ ____ ~ __________________ 1 
Above Mancos shale, Green River, Utah _________ _______________ __ .:..._ 
Under shale, Dakota Sandstone, VernaL _____ _____ _______ _________ _ 1 
Red colored sandstone under 241, Superior, Wyo. ___________ _______ 1 
Sandstone north of Superior, Wyo. ________ _________ _____ __________ 1 
East' of Superior, Wyo. __ ________________________________________ 1 
Light colored sandstone, north of Superior, Wyoming _________ ______ 1 
Average ______________________________________ --------------1 
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Fifty-eight samples of Cretaceous shale were collected and 
anaJyzed for nitric nitrogen. These samples are representative 
of the Book Cliff section of Colorado and Utah extending. 
from Grand Junction, Colorado, to Emery, Utah, and include 
sections examined. at Thompson's, Green River, Price and Cas-
tledale, Utah, covering an area of country 250 miles long with 
an average width of ten miles. Samples are also included from 
the same geological horizon at Vernal, Utah, 100 miles northwest 
of Grand Junction, Colorado. 
The results of the analysis of the shales are recorded in 
Table 4. The shales are more highly impregnated with nitric 
nitrogen than even the Cretaceous sandstones. There . are 
eight samples containing a higher nitrogen content than the 
highest sandstone, while the average is nearly twice as high 
as the average nitrogen content of the sandstone. The shale 
containing the highest nitrate content is No. 68, obtained near 
Grand Junction, Colorado. It contains 1700 parts per million 
of nitric nitroge·n, which is equivalent to a little over ten tons 
of sodium nitrate per acre to a depth of six and two-thirds 
inches. Or the material of which the soil is formed already 
contains 1.0 per cent of sodium nitrate. That is, there .is over 
ten tons of sodium nitrate in two million pounds of the rock 
material which has contributed to the formation of the soil at 
Grand Junction, Colo. 
Very few of the observed "nitre spots" in cultivated soil 
contain greater amounts of nitrate. The average amount of 
nitric nitrogen present in the shales collected is 173.3 parts 
per million, which is equivalent to over one ton of sodium 
nitrate per two million pounds of shale. 
Underlying the " nitre spots" in cultivated soil ther~ has 
been observed a mealy or ash-like condition of the soil. This 
ash-like material is usually rich in nitric nitrogen. Thus Head-
den! reports that one sample of this ash-like soil contains 5.372 
per cent soluble matter, 33.617 per cent of which was sodium 
nitrate. This is equivalent to 2985 parts per million of nitric 
nitrogen. 
At the time of the colle~tion of our sample, this same ash-
like condition was obser~ed underneath the clay in the virgin, 
uncultivated conditions on the so-called clay hills. The results 
obtained on the analysis of this material are recorded in Table 
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TABLE 4.-NITRIC NITROGEN IN CRETACEOUS SHALES. 
Description and Location of Saillples. 
1 
Disintegrated shale on knoll, Grand Junction------ .------ - -- --- ___ :... _ 
Shale under 293, Vernal, Utah _______ _____ _________ _____ _____ ___ __ 1 
Shale north of Thompson's, Utah _____ ___ ________ ________ ______ ___ _ 
Shale under 263, north of Thompson's, Utah ___ _____ . ________________ 1 
Decomposed shale near top of dark shale ___________ ______________ ~ _ 1 
Disintegrated shale, north of Thompson's __________ _______ ___ __ ____ 1 
Shale from same place as 68, Grand Junction __ __ _ - - . __ ___________ -1 
Mancos shale near top, Green River, Utah __________ ___________ _____ 1 
Mancos lower down in series than _84, Green River ____ - ______ ___ _____ 1 
Shale material below stH-face, Emery, Utah _____ _______ ______________ 1 
~f.ancos shale 2 mi. south of 86, Green River ---- -- - -____ -____ ___ __ ___ 1 
Shale, with gypsum crystals, Grand Junction ________ ______ ___ ___ ___ 1 
Shale near bridge on Price River ________________________ __ ____ __ __ 1 
Shale near coal chute, yellow layer, Grand Junction- - _____ _______ __ 1 
Shale 20 ft . above 261, north of Thompson' s, Utah ____ ____ ___ ___ ____ I 
Un selected shale, Vernal, Utah _______________________ ___ ________ -I 
Shale near top of black shale, Grand Junction-- ________ ____ ___ ___ -' 
From upper layer of yellow bands 3 inches thick, Grand Jet. ---------1 
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TABLE 4.-NITRIC NITROGEN IN ~RETACEOUS SHA LES-Continued. 
1 
281 Blue shale, north of Vernal ------------- --- ----- ---- ---- - --------1 103.0 
289 Brown red shale, north of VernaL _________________________________ 1 93.6 
z 
1236.0 -~ 
1123.0 ~ 
-102 Shale, Price, Utah _____________________ ___ _____________ ____ ____ _ 1 79.6 955.0 n 
130 Shale, Emery, Utah ____________ ____ __________________ ___________ _ 1 74.9 
95 Black shale 3 mi N. E. Price _____ ______________________ __ ___ ______ 1 60.8 
100 Shale east of Price ___________ ____ _______________ ___ ..: ------ _______ 1 60.8 
67 Material from between rock, Grand Jet., Colo. _________ --------------I 60.0 
144 Green shale, Emery, Utah ____________________________ _______ __ ___ 1 46.8 
85 Disintegrated shale, Green River, Utah __ ___ ___ __ ______ . ____________ 1 42.1 
83 Shale under 82, Grand Junction, Colo. _____________ _____ ______ ____ __ 1 39.8 
90 Dark shale high in the series, Price, Utah ___________ ___ __ ______ ____ 1 35.1 
97 Black shale one-fourth mile south of 96, Price, U tah __ ____ _____ ___ __ 1 35.1 
899.0 Z 
-729.0 ~ 
729.0 ~ 0 
720.0 C1 
561.Q tr1 z 
505.0 n 
478.0 0 
421.0 z ~ 421.0 tr1 
286 Shale, Vernal, Utah ________________________ __ __ __ __ _____ ____ _____ 1 35.1 
76 Black shale fallen from cliffs, Grand Junction ____ ____ __________ ____ 1 34.0 
421.0 z 
408.0 ~ 
-110 Shale full of white crystals, Orangeville, Utah __________ ______ ______ 1 32.8 394.0 z 
99 Shale, Price, Utah ______________________________ ___ _______ ____ ___ 1 28.1 
108 Shale between Castledale and Orangeville, U tah __ . __________________ 1 28.1 
287 Brown shale, Vernal, Utah _______________ _____ ____ ______ _____ ___ 1 28.1 
105 Shale N .W. of Castledale, Utah __________ ______ ________ ________ __ 1 25.7 
63 Shale knolls N. E. of Grand Junction, Colo. ____ ______________ __ ~ __ _ 1 22.0 
337.0 n 
337.0 0 c:: 
337.0 z 
308.0 ~ ~ 
264.0 ~ 
64 Shale with gypsum crystals, Grand Junction, Colo. __ __ ___ _______ __ __ 1 19.0 228.0 ~ 
116 Disintegrated shale between Emery & Ferron ________ _____________ _ 1 18.7 
119 Mancos shale , Emery ________________________ ____ __ ______ ____ __ __ 1 18.7 
91 Dark shale 100 ft. north of 90, Price, Utah__ __ __ _____ _________ _ _ J 18.7 
224.0 0 n 224.0 I ~ 
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TABLE 4.-NITRIC NITROGEN IN CRETACEOUS SHA LES-Continued. 
Description and Location of Samples. 
Dark shale, valley east of Vernal, Utah- - - - ------- -------- - - ___ ____ 1 
Coal bearing shale on Uintah railroad __________ ____ ___ ___ ____ _____ _ 1 
Shale from below Orangeville, Utah ____ _______ ___ ________________ 1 
Same as 268, Uintah railroad __ __ __ __ __ ___ ___ __ ____ _________ _______ 1 
Coal shale in sandstone, Emery ___ _____ __ · ____ ___ __ ___ ______________ 1 
. Near 268, Uintah railroad _____ ___ _____ __ ______ ___ ________________ 1 
Shale full of crystals, Emery, Utah ____ __ ____ ____ ____ __ ___ ________ _ 1 
Shale, Emery, Utah __________ __ __ ____ __ ___ ___ __ __ ________ ______ __ 1 
Shale, recent exposure, Emery, Utah __ ___ ____ ___ ____ _______ ______ _ 1 
Shale, Castledale, U tah ____ __ ____ ___________ ___ _____ -- _____ _____ __ 1 
Black shale, side of gulch, Grand Junction, Colo. __ ______ ____________ 1 
Shale N. of Thompson's ___ ____ _____ ________ ______ ______ _____ ,.- ____ 1 
Brown shaley material north of Vernal, U tah _________ ___ __ ____ __ __ 1 
Shale north of Vernal, U tah __ __ _______ ___ __ ________ _______ ____ ___ 1 
Mancos shale, Emery, -Utah ___ ___ ______ _____ ______ ______ _________ 1 
Average __ ____ ___ __ ~------- - --------- ---- -- -- --- -- - - - - ---~ - -I 
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TABLE 5.-NITRIC NITROGEN IN ASH-LIKE MATE·RIAL OF CRETACEOUS ORIGIN. 
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77 
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260 
276 
134 
145 
122a 
Description and Location of Samples. 
Ash-like material, Emery, Utah ____________________________ .- _____ _ 
Dirt containing white salts, middle of Book Cliff, Grand J ct., Colo. __ _ 
Ash dust over shale under clay, Emery, Utah ______________________ _ 
White fluffy soil underneath crust, N. Thompson __ _______________ _ 
Light. ashy white soil under clay, VernaL ___ _____________ _________ _ 
White ashy sand, Emery, Utah . ___ __________________________ _____ _ 
Ash dust, Emery, Utah __ _________ ________________ _______ _______ _ 
Ash dust, Emery, Utah ___ , _______ :... ___ __ __ ________________________ 1 
Average ___ _______ ________ __ _____ _______ __ _________________ _ 
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5. It may be observed that in No. 133 there is a far more in-
tensified condition than was the case of the cultivated soil just 
noted. Samples Nos. 77, 124, 260, 276, representative of widely 
separated area, are remarkably rich in nitric nitrogen. The 
amount of this ash-like material varied in depth from two to 
six inches. It will be observed that the material represented by 
133 contains 65380 pounds ' of sodium nitrate per acre to a depth 
of six and two-thirds inches, which is equivalent to approximately 
33 tons of sodium nitrate. In an acre foot of this material there 
is approximately 60 tons of sodium nitrate. This nitrogen in so-
dium nitrate is worth 15 cents per pound, or the sodium nitrate is 
worth 2.0 cents per pound, or $50.00 per ton. ' Each acre of soil 
such as that represented by 133 is thus worth $1650.00 for its ni-
trate content to a depth of six and two-thirds inches, or $3000 to a 
depth of one foot. In a country of cheap labor, such as India, 
there is no question but what this material would be utilized for 
the recovery of the nitrate. This ash-like material is not lim-
ited to a few isolated spots, but is representative of extended 
areas of the uncultivated section in the mountains of the Book 
Cliff area. 
This ash-like material is inv~riably covered by a protecting 
layer of clay which contains appreciable quantities 'of nitrate, as is 
seen by studying the date recorded in Table 6. The amount of 
nitrate present in this uncultivated clay is much less than in the 
ash-like material underneath or in the shale, but it is still pres-
ent in considerable quantities, the samples analyzed showing 
from 50 to 100 times as much as is present in the most pro-
ductive types of soil such as those represented by the Utah Col-
lege farm at Greenville, Utah. 
The clay soil as represented by the samples here recorded is 
rcharacterized ,by the entire absence of vegetation of any char-
:acter whatever. At the base of the clay hills scant growth of 
:shad scale and other alkali desert vegetation may occasionally 
'tbe seen in some of the more favored sections. 
In Table 7 are recorded the results of the analysis of the 
samples of alkali secured from alkali spots in the hills where 
concentration of s~lts, by the movement and evaporation of the 
underground water, was indica,ted. In some cases the indica-
tions of such local concentration consisted of the appearance of 
sprinas in the neighborhood. It must be emphasized that no 
atter:pt was made to secure samples of alkali from cultivated 
TABLE 6.- UNCULTIVATED CLAY AND SOIL FOUND IN PLACE FROM CRETACEOUS SOIL 
FORMING MATERIAL. 
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87 
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146 
121 
125 
143 
Description and Location of Samples. 
Clay from shale (Mancos) N. of vernaL---------------------------1 
Black soil under crust 2 ft. down, Thompson's _______ ~ _____________ _ 
Clay over shale in place, Green River, Utah _______ ____ ___ ___ ___ _____ 1 
Clay from disintegration of shale, Emery, Utah ____________________ 1 
Clay from shale 3 mi. N. E. of Price ____ ________ _______ ___________ 1 
Clay near top of Mancos shale, Green River, Utah _________________ _ 
Crust on soil in streets of Emery ___________ ' _______________________ 1 
Clay over shale in place, Emery, Utah __________ · __ __ ________________ 1 
Clay crust over shale dust, Emery, Utah ___________________________ 1 
Soapy clay, Emery, Utah ___ ___ __________________________________ 1 
J\verage ____ __ _____________ ______________________________ ___ 1 
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fields. Again the data show a marked accumulation of the nitric 
nitrogen in connection with the alkali salts . . In some instances, 
for example No. 132, the amount of nitrate present is really re-
markable. This sample represents a well defined "nitre spot" 
in virgin soil. All of the characteristic essentials were present. 
The spot was wet and spongy. A ttenipts to walk on this spot 
resulted in mireing into the soft sticky earth to a depth of several 
inches. The deep intense brown ~olor was present. It looked 
very much like the neighborhood of ·an old barnyard, or like 
some oil had been spilt there. 
A moist, glistening clay crust covered . the spot underneath 
which was the ash-like material. Beneath the latter at a depth 
of. a few inches was the undecomposed shale. This spot occurred 
on the side of a clay' hill south of Emery, Utah. The hill, like 
the neighboring hills, was entirely devoid of native vegetation. 
A small new irrigati.on ditch, carrying water to . the adjacent 
lowlands, cut this hill a few feet from its base. The "nitre spot" 
occurred immediately below the ditch and was .evidently entirely 
the result of leaching and local concentration by evaporation of 
the underground water. 
In this connection Nos. 130, 131, 132 and 133 should be con-
sidered together. 
Parts per Million 
of Nitric Nitrogen 
No. 130 Shale _________ ___ _ _ 
No. 131 Clay ______ ____ ___ _ 
No. 132 Brown Alkali ___ · ___ _ 
No. 133 Ash _______ _______ _ 
79.4 
65.5 
5590.0 
5448.0 
Pounds of NaNO s 
per 2 M. lbs. 
material. 
899.0 
768.0 
67080.0 
65380.0 
No. 132 represents the sample of brown alkali secured below 
the ditch. Nos. 130, 131 and 133 represent samples of the un-
leached shale, clay, and ash immediately above the ditch. The 
spot was the result of seepage and the source of the nitrate pre-
sent is evidently clearly indicated in the high nitrate content in 
the shale and "ash" secured above the ditch, which is entirely 
similar to the material below the ditch except the latter has 
been disturbed by the irrigation water. The alkali derived from 
the native shale, which was obtained at other places throughout 
the Book Cliff area, Castledale~ Grand Junction, Thompson and 
Vernal, contain considerable quantities of nitrate. 
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TABLE 7.-NITRIC NITROGEN IN ALKALI DERIVED FROM NATIVE ROCK OF CRETA-~ 
CEOUS ORIGIN. ___ 
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Description and Location of Samples. 
132 1 Brown alkali, Emery, Utah .... ------------------------------------- 
77 I White salts, middle of Book Cliffs, Grand J ct., Colo. __ --------------1 
275 Ashy salt above shale in place, Thompson's ____________ ~ ________ ___ I 
94 1 Brown incrustation from reservoir, Price, Utah _____________________ / 
72A Incrustation from leach, Grand Junction, Colo. ____________________ _ 
127 White salts under sand, Emery _' _________________________________ 1 
114 Brown alkali, Castled ale, Utah _____________________ _ 
101 Alkali incrustation, Price, Utah __________________________________ _ 
295 Crystals of salt, Vernal, Utah _____________________________________ _ 
82 Nitre spot in side hill, Grand Junction _____________________ ________ I 
137 White crystalline material, Emery, Utah _______________________ __ _ 
129 Brown alkali, Emery, Utah _____________________________________ _ 
112 Brown alkali, Orangeville, Utah _________________________________ _ 
282 Alkali salts from field north of Vernal, Utah _____________ ' ___________ 1 
70 Incrustation of salts along stream bed, Grand Junction _____________ _ 
109 Alkali leached from shale, Castledale, Utah ___________ _____________ 1 
103 Alkali leach from shale, Price" Utah __________ _____________________ 1 
136 White crystalline material, E~ery, Utah __________________________ 1 
72 Fluffy black shale, Grand JunctlOn, Colo. _____ _ ' __ _____ --- - ---- __ __ _ _ 
126 Spar, Emery, Utah _____________________________ _____ ____________ 1 
118 Alkali, Rochester, Utah ____________________________________ ______ 1 
111 Incrustation from shale, Orangeville, Utah _____________ , ____________ 1 
115 Brown alkali near old creamery, Castledale __________ ______________ 1 
Average ____________________________________________________ 1 
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SOIL FORMING MATERIAL OF TERTIARY ORIGIN. / 
The sandstones of Tertiary origin contain appreciable quan-
tities of nitrate. There is a wide variation in the amount present, 
as may be seen by consulting Table 8. No . 225 contains nearly 
40 tons of sodium nitrate per two million pounds of sandstone. 
This sample is representative of an extensive area near Lyman, 
Wyoming. 
True we have represented here some samples entirely free 
or nearly so of nitric nitrogen. The average amount present, 
12.4.0 p. p. m., is from 50 to 100 times the amount present in our 
best cultivated limestone soils. 
The Tertiary shales collected represent an extensive area in 
Utah, Wyoming and Colorado. The Tertiary exposure is prob-
ably more extensive, especially in Utah and Wyoming, than 
those of Cretaceous origin. The results recorded in Table 9 
represent characteristic samples from the several widely sepa-
rated sections. There is a marked variation in the amount of 
nitric nitrogen present in the several samples. The variation 
is from traces to 1250 parts per million. The shale which gave 
the highest nitrate content was that. found at Utahn, and Myton, 
Utah, and Lyman, Wyoming. The latter place is about one 
hundred miles northeast of Utahn. A new settlement has re-
cently been established at Utahn, and complaints have been 
made of the accumulatioq of "black alkali," which on exami-
nation was found to be due to excessive nitrate accumulations. 
The origin of these accumulations is clearly indicated in the 
shale as represented by numbers 310 and 308. That is, an 
acre foot of shale as represented by 310 contains an equivalent 
of 15 tons of sodium nitrate in the undecomposed rock. 
The results of the analysis of the uncultivated clay are re-
corqed in Table 10. A marked variation of nitrate is shown. 
The variation is from 0.05 p. p. m. to 84.2 p. p. m. The latter 
amount is equivalent to nearly one-half ton of sodium nitrate 
per two million of clay, a truly remarkable amount to find in 
uncult}vated clay in the hills, almost devoid of vegetation, if the 
nitrates are produced bv bacteria. 
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TABLE B.-NITRIC NITROGEN IN TERTIARY SANDSTONE. 
Description and Location of Samples. 
1 Soft sandstone, Lyman, Wyo. ______________________ ____ __ ______ __ 1 
Sandstone at Ferry on Green River, Uinta, Basin __ ______________ __ 1 
Sandstone, Lyman, Wyo. _______________ _________ __ ____ ________ __ 1 
Sandstone near Utahn, Utah ____________ ____ ___ __ __ _ ---- ____ ___ ___ 1 
Red sandstone, Crow Creek, Wyo. ______ __ __ __ ____ ____________ _ .:.: __ 1 
Brown sandy shale, Millburn, Wyo. ________ __ _______ ____ __ __ ____ __ 1 
Gritty sandstone, near Ft. Duchesne, Utah ___ ____ ___ ___ __ _____ ____ 1 
Second sample sandstone, Crow Creek, Wyo. __ __ ____ _____ _________ I 
J\verage _______________ ______ ~ --------- ----- - ------ - --- _____ 1 
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TABLE g.-NITRIC NITROGEN IN TERTIARY SHALES. 
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Description and Location of Samples. 
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1 
1568.0 
1250.0 
Red Arenaceous shale, Richfield, Utah_"' _____________________ ___ ___ 1 
Shale from near Utahn ----------------------------- -------- _____ 1 
1120.0 
940.0 
Blue shale west 9f 235 near Lyman, Wyo.------ _____ · ________ :... ______ I 
Red shale ledge east of Sigurd, Utah ____________________________ _ _ 
Brown shale from clay knolls, Utahn _____________________________ _ 894.0 
Blue shale north of Myton, Utah _________________________________ _ 856.0 
Shale near top of ledge, Lyman, Wyo. _______________ _____________ _ 566.0 
Shale taken under fluffy material, Lyman, Wyo. ___________________ _ 426.0 
Shale underneath ash near Myton _________________________________ _ 374.0 
Concretionary band of shale, Lyman, Wyo. ______ ~ ___________ ______ 1 367.0 
285.0 
171.0 
Shale underneath the ash, 5 mi. south of Myton, Utah _____________ __ 1 
Shale north of Myton on second bench ____________ 
7 
______________ _ 
Decomposed shale No. 232 _____________________________________ ___ 1 117.0 
Shale sandstone, Sigurd, Utah ____________________________ ~ _______ 1 56.0 
Green shale from hills 2 mi. south of Myton ________________________ 1 46.8 
Shale of "Bad Lands," 10 mi. southeast of Millburn ________________ 1 39.8 
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18.7 
Shale south side of Blacks Fork, Lyman _____________ ______________ 1 
Specimen of blue shale, Lyman, Wyo. _____________ .:. __ ~ _____________ 1 
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TABLE g.-NITRIC NITROGEN IN TERTIARY SHALES-Continued. 
1 
Blue shale, Millburn, Wyo. --------------- -----------------------1 
Taken from "Bad Lands," east of Vernal, Utah ___ _______ _________ _ 
Shale near 198, Crow Creek, Wyo.------------------------------ r - I 
Light shale on top, Millburn, Wyo.-: _______ _______ ________ ___ ____ _ _ 
Brown shale containing white deposit, Millburn, Wyo. ______________ I 
Gray shale near Nebeker's Ranch, Sigurd, Utah _________ _____ ______ 1 
Gray shale under sand shale, S. W. Millburn ____ _____ ___ ___ ________ 1 
Dark shale, Millburn, Wyo. __ ______ _______ _______________ ________ 1 
Brown sandy shale, Millburn, Wyo. ______________ ____ --- -----------I 
Shale 5 miles south of Myton ______ __ ________________ ______ ______ 1 
Gray shale, 1 1-4 miles east of Sigurd; Utah _______________ ____ _____ 1 
Shaly sandstone, Spring Creek, Star Valley, Wyo. __________________ 1 
Red band of shale, Richfield, Utah ____ ____ __ __ __ ____ ___ _____ c... _____ 1 
Brown sandy shale, 8 ft. thick, Lyman, Wyo. ________ __ _____ _______ 1 
}\verage ______________________________ ________ --------------1 
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TABLE lO.-UNCULTIVATED CLAY AND SOIL FOUND IN PLACE FROM TERTIARY SOIL 
FORMING MATERIAL. 
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Description and Location of Samples. 
Blue clay in upper salt mine, Salt Creek Canyon-------------------- 
Red clay under volcanic ash, Nephi, Utah __________________________ 1 
Fluffy material underneath crust, Lyman, Wyo. ____________________ 1 
Soil at. foot of gypsum cliffs, Nephi, Utah _____ ___________ __ ________ 1 
Highly colored clay, Star Valley, Wyo. ____________________________ 1 
Clay, Millburn, Wyo. ______________________ ~ ____ _________________ I 
Red clay above salt on Crow Creek _______________________________ 1 
Bluish brown fluffy soil underneath 234, Lyman, Wyo. ______________ 1 
Re.d soil at FOU1;tain Green ________________________________________ 1 
Sod west of Rlchfield ___________ _______________________________ ___ _ 
Red clay near Hyrum, Utah ____ ___________________________________ 1 
Fluffy s()il on top of knoll, LY111an, Wyo.-- _______ -_________________ 1 
Soil, South Fork, Salt Creek Canyon, Nephi, Utah __________ -- ______ I 
Red clay with red crystals, Nephi, Utah ____________________________ 1 
Yellow clay, Nephi, Utah ________________________________________ 1 
Heavy red clay, Nephi, Utah _______________________ -- ________ ~ ___ I 
Soil from Green River shale, Millburn, Wyo.- _________ --------------I 
Red Clay under volcanic ash, Nephi, Utah __________________________ 1 
Soil near Alum ledge, Grass Valley, Utah __________________________ 1 
Average ______________________________ __ ______ ----------____ 1 
>:: 
CI) 
b.O 
o 
~ 0.-::: 
~ Z 
CI) t:: 
o.ou 
m:':::-i: 
~~~ 
P-l 
84.2 
59.2 
28.1 
27.4 
23.4 
23.4 
14.0 
9.4 
6.1 
5.7 
4.6 
4.6 
3.0 
2.4 
2.2 
1.4 
1.4 
.8 
.5 
20.9 
>:: 
"'0 0:..::: 
z:::: ~ E . 
Z 0 ~ 
en ~u 
"t:I ..... 
t::: ~ ui 
::s CI).o 
o 0._ 
P-l 
1010.0 
674.0 
337.0 
329.0 
281.0 
281.0 
168.0 
108.0 
73.0 
68.0 
55.0 
55.0 
36.0 
29.0 
26.0 
17.0 
17.0 
9.6 
_ 6.0 
248.4 
+:-
+:-
0\ 
tJj 
C 
~ 
~ 
tTl 
~ 
"'" 
o 
w 
+:-
--.......-----....----
JITRIC ITROGE CO l TENT I COU TRY ROCK 447 
From our observation and also as a result of the analysis 
it may be stated that the alkali accumulations are more pro-
nounced in Tertiary material than even in the Cretaceous rock. 
But no matter whether the alkali has been derived from Creta-
ceous or Tertiary origin the alkali always contains varying but 
appreciable quantities of nitrate in the native or undisturbed 
state. The results of the analysis of alkali derived from Tertiary 
origin are recorded in Table 11. The white alkali resulting from 
the leaching of a canal at Myton gave 388 p. p. m., or over two 
tons of sodium nitrate per million pounds of alkali. It is also 
interesting to note the appreciable quantities of nitrate which 
occur in the sodium chloride deposits which are found in the 
Tertiary. The ash-like material recorded in Table 11 is of two 
kinds: one of volcanic origin", the other the characteristic mealy 
material found in connection w ith the nitrate accumulations. 
The amount of nitrate found in No. 41, a sample of volcanic 
tufa, is truly remarkable and is equivalent to 330 tons per two 
million pounds of ash. 
The high nitrate. content of the mealy ash-like deposits 
found at Myton, Utah, and Lyman, Wyoming, indicated a SIm-
ilar condition to those found in Cretaceous material. 
SOIL FORMING MATERIAL OF JURASSIC ORIGIN. 
The Jurassic deposits have not been as thoroughly studied 
as those of the Cretaceous and Tertiary origin. Therefore, only 
the results of a few analyses are presented. The amount of 
nitric nitrogen in the shales, sandstone, alkali and ash of this 
{ormation are recorded in Table 13. 
The sandstone, shales or alkali of the Jurassic contain only 
a fraction of the quantity of nitrate found )n the Tertiary or 
Cretaceous material. The ash-like material seems to be in-
variably rich in nitrate in all three of the geological formations. 
Table 14 contains results of analysis of samples. collected 
from Miocene deposits of rock. These samples differ from the 
Tertiary samples discussed, since this material has been sub-
jected to leaching action of water during the Bonneville period. 
Over one-half of the samples are practically free from nitrates. 
A few of the samples, however, contain appreciable quantities 
of nitrate. 
Many of the above samples were collected from the ma-
terial which formed the floor of Lake Bonneville, but at a time 
~ 
TABLE ll-NITRIC NITROGEN IN ALKALI DERIVED FROM NATIVE ROCKS OF TER- ~ 
TIARY ORIGIN. 
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Description and Location of Sampl~ s. 
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TABLE l1.-NITRIC NITROGEN IN ALKALI DERIVE D FROM NATIVE ROCKS OF TER-
TIARY ORIGIN-Continued. 
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206 
51 
11 
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227 
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1 
Salt, Fairview, Wyo. ------- - - ---- - --- -- - --------- -- ----- ---- - ---1 
Alkali incrustation, Lyman, Wyo. ___ ____ _____ ____ ___________ __ __ _ 1 
Alkali spot near mill race, Millburn, Wyo.--- - __ ____ _________ _____ __ I 
Alum mine, Greenwich, Canyon, Utah ____ __ _____ ____ ~ ___ __ _ - -- - _ ~_ I 
Salt, salt mine, Nephi, Utah _____ _____ _____ .-' __ _______ _____ ____ ___ _ I 
Salt from mine, Fairview, Wyo. _____ _____ ____ ______ ______ ________ _ 1 
Salt and clay, salt mine, Wyoming ____ _____ _______ ________ ____ ____ 1 
Alkali near spring north of Lyman, \\Tyo. ____ _________ ___ _____ _____ 1 
Rock salt, Star Valley, Wyo. _____ ___ ___ ____ ________ _____ _____ ___ __ 1 
Average __ ____ ______ ____ ___ ____ __ _____ ________ --- - - - --- _____ 1 
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TABLE 12.-NITRIC NITROGEN IN ASH-LIKE MATE,RIAL OF TERTIARY ORIGIN. 
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Description and Location of Samples. 
I 
Rhyolitic ash, stratified, Kings Meadow, Sigurd, Utah ____ __ ________ 1 
Rhyolitic- ash with fragments of trachyte, Sigurd, U tah ______________ 1 
I 
F luffy material near Millburn, Wyo· __ ______ __ I ____________________ 1 
White ashy material, Myton, Utah __ , __ ________ _____ ___ __ __________ 1 
I 
~Thite volcanic ash, Sigurd, Utah ___ _________ __________________ ____ 1 
White ash material southeast of Millburn, Wyo. ____________________ 1 
1 White ashy material, Utahn, Utah ____ _________ _____ ____ __ ____ ____ 1 
I Red banded shaly ash, Richfield, Utah __________ _____ ______ ____ ____ 1 
1 Similar to 217, Millburn, Wyo. _____ _______ __ ____ ___ ______ ________ 1, 
1 Light colored ash, Richfield, Utah _____ __ _________________ __ _______ 1 
I Volcanic ash, Nephi, Utah --- -- --- ----______ ' ___ ___ __ ___ ___________ 1 
I Volcanic ash, Nephi, Utah ______________ ' ___________ --------------1 
I 
Volcanic ash, Nephi, Utah ------ ----- ----------- ·-- ---------------1 
Volcanic ash, Nephi, Utah _______________________ __ _______________ 1 
I i\verage ________ ___ ____________________________________ -----1 
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TABLE 13.-NITRIC NITROGEN IN JURASSIC SANI?STONE. 
Description and Location of Samples. 
1 
Sandstone, Nugget, Thistle, Utah - --------- ----'----------- --- -----1 
Red sandstone top of Nugget, Vernal, Utah ___________ ________ _____ 1 
Red sandstone west of Richfield , Utah ___ ____ ______________ :... ______ 1 
Nugget sandstone, Star Valley, W yo. ___ _____________ ___ .:. __________ 1 
Light colored, Moab, Utah _____ _____ ________ · ________ ~ ___________ I 
Red sandstone above 253, Moab, Utah ________________ -___ __________ I 
Yellow sandstone, J\i[oab, U tah _____ _____ _____ ____________ ______ __ 1 
Nugget, Montpelier Canyon __ __ __ ___ __ ____________ _____ ____ ______ 1 
Red sandstone, :Moab, Utah ____ _____ __ __ ___ _______ ______ ___ ____ __ 1 
Just above 252, Moab, Utah --- ---- ----------------------- -'- -------1 
i\verage ____________ ________ _____ ____________ _ -- ____________ 1 
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135 
Nitric Nitrogen in Jurassic Shales. 
1 
Brown shale, Nugget Canyon, Vernal, Utah _____________ __ ________ 1 
Black shale 100 ft. above 23, Richfield, 'Utah _______________________ _ 1 
Yellow shale, Nugget Canyon, Vernal, Utah __ _________ ___________ __ 1 
Black shale soil under red sandstone, Richfield ______ _______ _ -'- ______ _ I 
Shale, Salt Creek Canyon, Nephi, Utah- ~ -- ______________ _________ _ r 
Shale, Montpelier Cany on _____________________ ____ _ ------------- -1 
Sandy shale, near halfway house _____ ' __________ ______ .:.. _____ _____ _ 1 
J\verage ___________ _______________ _________ ___ --------- _____ 1 
1 
Nitric Nitrogen in Alkaii Derived from Nativ.e Rock of 
Jurassic Origin. 
1 
White incrustation under sandstone, Moab, Utah ____ ______________ 1 
Crystalline material, Nugget Canyon _________ ___ __ ________________ 1 
J\verage __________ ~ _____________ ____________ __ --------- _____ 1 
1 
Nitric Nitrogen in Ash-like Material, Jurassic Origin. 
1 White ashy material, Moab, Utah ________________ ________________ _ 1 
J\sh under sandstone, Vernal, Utah _____________________ ___________ 1 
Volcanic dust , south of Emery, Utah ___ _________ _______ ___________ I, 
J\verage __________________________________________________ __ 1 
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TABLE 14.-NITRIC NITROGEN IN SOIL FORMING MATERIAL OF QUATERNARY ORIGIN. 
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. Description and Location of Samples. 
Sandstone, Hyrum, Utah _______________________________________ _ 
Weathered conglomerate, Hyrum, Utah __________________________ _ 
Sandy marl, Petersboro, Utah __________ _____ _____ ____ ____ _______ _ 
Sandy marl, Petersboro, Utah ___________ _________________________ 1 
Sandy marl, Ccillins~on, Utah ___ __ _______________ ____ _________ ___ 1 
Shaley sand above 160, Petersboro, Utah __________________________ _ 
Specimen of marl, Cache Valley, Utah __ ______________________ __ _ _ 
Sandstone, Hyrum, Utah __________ _____ ____________ _____________ 1 
Red sandy marl, Wellsville Canyon, Utah _____________ _____________ I· 
Marl near Cache Junction, Utah ____ ____________________ __________ 1 
Marl in stream bed, Collinston, Utah ____ ________ ___ _____ __________ 1 
Shale, Petersboro, Utah _____________________________________ ____ _ 
Marl above shale ___ ____________ _______________________________ __ 1 
Shale belovv __________ ____ _______________________ __ ------- - _____ _ 
Marl in Wellsville Canyon _____________________ ____________ ______ 1 
Marl in Wellsville Canyon - --- ---------- -------------- ----- ______ 1 
Travertine, Wellsville Canyon ----------------..:--------- -----------1 
White marl near Hyrum, Utah ________ ~ ___ _______ ___ ----------- --_I 
Sandstone, Beaver Dam _____ ______ __ ____________ __ -------------_1 
Upper part of ledge, Petersboro _______ ______ _____________________ 1 
Thin bedded material above 168 ____________________ -------- ______ 1 
Band of marl __ __ _ ~ ______ _______ ________ ___________ ----- -------- -I 
Sandy marl above shale _______________ _______ · ___ __ _______________ 1 
Shale belovv 170 --------- ---------------------- ·-----------------1 
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when the lake was large. They were all collected within the 
Cache Valley, a part of the lake which received several large 
streams, and which never became brackish. Entirely different 
results would be expected from the areas covered w ith the water 
when the lake became smaller, especially in those sections where 
the lake became separated and parts evaporated to dryness. The 
U. S. Geological Survey has recognized this in their borings 
for potash salts in the old concentrated deposits of Lake La-
hontan. I 
Extensive deposits of very pure gypsum occur w idely dis-
tributed throughout U tah. A number of samples from these 
deposits were collected and submitted to arialysi fo r nitric 
nitrogen. The results were recorded in Table 15. 11 'the sam-
ples gave positive results for nitrate. T he sample ecured at 
Sigurd, No. 34, deposited during Tertiary, shows appreciable 
quantities of nitrate. The fact that these gypsum deposits are 
comparatively pure deposits is exactly what would be expected 
by their crystallization from the brackish inland ea. From such 
a salt solution the more insoluble gypsum would crystallize. 
The deposit would contain ' on ly such foreign salts a were me-
chanically carried down with the crystalline material. As the 
mother liquor became m ore concentrated it approached more 
nearly the concentration point of the other alts. Thu in many 
places in the Tertiary in the area di cussed there are deposits 
of comparatively pure sodium c.hloride. It may be that the 
crystallization point of the nitrates was never reached in the 
area by the time it secured an outlet by means of the Colorado 
und other rivers. It is thus quite possible that the only nitrate 
accumulations that will be found are those in a widely dissemi-
nated form in the shale which were mechanically carried down 
by the great influx of mud into the bracki h ea. H owever, it 
would not be urpri ing if commercially important deposits of 
nitrates were revealed in future inve tigation . 
In Table 16 there are recorded some re ults obtained from 
the analysis of material that does not readily fall into either 
of the groups already di cussed. 
IU. S. G. S. Bu ll etin 530 a , H. . Gale. 
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TABLE IS.-NITRIC NITROGEN IN GYPSUM DEPOSITS. 
Description and Location. 
1 
c 
-0 C'd ._ 
u ..... 
.- C'd ~a 
-I-< 
o 0 
0~ 
White band in gypsum, Moab, Utah ________ ______ ____ I Jurassic 
Gypsum capping over shale beds, Sigurd, Utah _______ 1 Tertiary 
Upper part of gypsum, Moab, Utah ______________ o _ _ __ / JUl-assic 
Yellow band in gypsum, :Moab, Utah________ _________ Jurassic 
Red material in gypsum, Emery, Utah __ ___ ______ o ____ l o Cretaceous 
Gypsum, . Moab, Utah _______________ ________________ 1 Jurassic 
White gypsum crystals, Emery, Utah ____ _____________ 1 Cretaceous 
Upper part of gypsum, Moab, Utah ___ ___ __ _______ o ___ 1 Jurassic 
Gypsum beds, Emery, Utah _______ ___ __ __ __ ___ ______ 1 Cretaceous 
Gypsum crystals, Richfield, Utah _. __ ~ _______ ___ __ __ I Tertiary 
Gypsum above Sigurd , Utah _______ __ __ __ ___ _______ __ 1 Tertiary 
Gypsum above Sigurd, Utah ____ ___ ___ _______ _______ _ 1 Tertiary 
Gypsum at Nephi, Upper Cliff ____ _____ ____ _________ _ 1 Tertiary 
Gypsum at Nephi , Upper Cliff __ _____________________ 1 Tertiary 
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TABLE 16.-NITRIC NITROGEN IN MISCELLANEOUS SOIL FORMING MATERIAL. 
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27 
181 
189 
28 
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26 
49 
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18 
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179 
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Description and Location of Samples. 
• 
Red ash, Greenwich Canyon ------------------------------- --- ----  
Between shale and sandstone, Lyman, Wyo. ____ __ ________________ 1 
Dark colored leu cite, Leucite Hills, vVyo. __________________________ 1 
Hard rock from concretions, Lyman, Wyo. __ _______________________ I 
Limestone on Uintah railroad above Book Cliffs ___ ________ __ _____ · ___ 1 
Light colored leucite, Leucite Hills, Wyo.- ----- - --- __ __ __________ I 
Brown material, Lyman, Wyo. _______ ___ _____ __ ___ ___ __ ___ ______ _ 
White ledge with ·No. 26 _______ ________ · ___ ________ ___ _________ __ __ 1 
Phosphate in mine, Montpelier Canyon __ ____ ___ ___ __ ___ __ ________ 1 
Red sand above float in Salt mine, Wyo. __ _______________________ _ 
Upper saponite deposit, Richfield ___ ___ _____ ____________________ ___ 1 
Crystals in saponite deposit, Richfield _______________ __ ~ __________ __ 1 
Softer concretions, Lyman, Wyo. Same place as 219 __ ________ ___ __ 1 
Saponite below sandstone, Richfield __ ______ __ ___ ___________ __ ____ 1 
Red rock face of tunnel, paint mine, Greenwich _________ ______ ___ ___ 1 
White material from paint mine, Greenwich __ _______ ___ ___ __ ------I 
Conglomerate, Fountain Green ____ ___ __ _________ __ ____ ______ ____ 1 
Saponite east of Glenwood ________________ ___ ___ _____ ______ ____ __ 1 
Rock contact between Eocene and Trachyte ___ __ ___ __ ______ ________ 1 
On Uintah railroad ____________________ _____ ___ ______ ____________ 1 
Shale above Beaver Landing, Logan Canyon ___ _____ __ ______________ 1 
Shale, Montpelier Canyon _________________ _______ ______ __________ 1 
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GENERAL DISCUSSION OF THE RESULTS. 
The results of the analysis of the material collected show 
a marked amount of nitrate present in the country rock, with a 
local concentration in, the alkali and ash mat.erial collected in 
the undisturbed condition. 
It is also indicated quite clearly that there is a marked va-
riation in the amount of nitrate present depending upon the 
location in the geological series. But it may be observed that 
uniformly high results were obtained at widely separated sec-
tions, such as Grand Junction, Colorado, Emery and Vernal, 
Utah, and Lyman, Wyoming. The results also show a marked 
concentration of nitrates in alkali and ash-like material in the 
uncultivated areas. 
The following summary shows the nitrate found in the 
country rock: 
Per Cent Sodium Nitrate in Cretaceous Material. 
1 
Sandstone --- ----- --1 
Shale __ ___ __ ___ __ ...:. __ 1 
Clay ____ ________ __ _ _ 
Ash _;- _____ :... _____ ___ 1 
Alkali __ ____________ 1 
1 
Maximum 
0.293 
1.026 
0.115 
3.270 
3.35 
Minimum 
0.003 
0.003 
0.002 
0.005 
0.003 
Average 
0.055 
0.104 
0.039 
.0.870 
0.074 
Per Cent Sodium Nitrate in T~rtiary Material. 
Maximum Minimum Average 
Sandstone 
----- -----
0.284 None 0.074 
Shale 
------------ --
0.750 None 0.147 
Clay _________ ~ ______ 0.940 None 0.053 
Ash 
-------------- - -
3.280 0.0002 0.236 
Alkali 
-- --------- -- -
0.232 None 0.021 
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Per Cent Sodium Nitrate in Jurassic M'aterial. 
1 
Sandstone _____ _____ / 
Shale _____ .:. _______ _ 
Ash ________________ 1 
Alkali ______________ 1 
I, 
Maximum 
0.039 
0.019 
0.202 
0.017 
Minimum' 
None 
None 
0.149 
0.017 
Average 
0.008 
0.005 
0.175 
0.017 
This summary brings clearly to mind the fact that the ni-
trate is present in large amounts in the Cretaceous and Tertiary 
material. The Book Cliffs area in Utah and Colorado extends 
from Palisades, Colorado, to Castle ,Gate, Utah, a distance of 190 
miles, with an ayerage width of ten miles, and a depth of one-
half mile. That is, there is this extent of shale exposed in this 
area. If the shale has a composition as high as the maximum 
recorded for the Cretaceous shale obtained at Grand Junction, 
Colorado, 1.02 per cent sodium nitrate, a simple calculation will 
show that there is present in this original rock at least 895,120,000 
tons of sodium nitrate. The average amount present as repre-
sented by 0.104 per cent, would g!ve at least 89,512,000 tons of 
sodium nitrate as widely disseminated in the country rock of 
this area. This considers only the exposed material in this 
particular section. It is definitely known that there is at. least 
ten times this amount of Cretaceous rock exposed in Utah, Col-
orado, Wyoming and Montana. The amount of unexposed ma-
terial is several hundred times greater. The average amount 
of nitrate in the Tertiary ' rock is slightly greater than the Cre-
taceous, while exposed Tertiary rock is much greater in extent. 
The amount of sodium nitrate present in the deposits of Chili 
is estimated at from 70,000,000 to 200,000,000 tons. 
The data presented seems to clearly warrant the confident 
statement that there is widely disseminated in the Tertiary and 
Cretaceous rock of Colorado, Utah and Wyoming immense quan-
1 ities of sodium nitrate which are far greater than the deposits 
of Chili, but unfortunately it is not concentrated in workable 
quantities in any single locality so far as determined.' ' 
Although local concentrations showing as high as 3.27 to 
3,35 per cent so.dium nitrate have been found in the clay hills 
of Colorado and Utah, it may be again emphasized that these 
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local concentrations are possible because of two conditions: 
(1) The low annual rainfall; (2) but, above all, because the rain-
fall does not penetrate the clay which forms, because of its great 
plasticity, an impervious protecting cover. 
Previous work by Headden and Sackett in the study of the 
nitrates of the affected sections has been confined to the culti-
vated and irrigated soils of this area, with the conclusion that 
the high nitrate content had its origin in the soil itself. But in 
view of the high percentage of nitric nitrogen in the original 
sandstone and shales whch are adjacent to the cultivated area 
c..nd from which the cultivated soils have been formed, it is evi-
dent that the original rock is the source of the nitrogen. 
If the nitrate is not · derived from the sandstone and shales 
of this area, but has its origin in the soil itself as a result of 
bacterial action, it is only consistent to expect similar nitrate 
accumulations in cultivated and irrigated soil similarly located, 
but not adjacent to or derived from, sandstone or shale rich in 
nitrate. 
As indicated in the above tables, the sandstone and shales 
.1.djacent to the non-affected areas are comparatively free from 
nitrate. The soil and cl.imatic conditions in the non-affected 
areas, such as the Cache Valley and Bear River Valley, 
Utah, are more favorable for bacterial action than are the soils 
of the affected district in southeastern Utah and western Colo-
rado. 
So far as known the area affected is located within the sec-
tion covered by the old Cretaceous and Tertiary seas. It is in-
teresting to note that the sandstone and shales of the Jurassic, 
so far as examined, do not have anywhere near as high a nitrate 
content as those of the Tertiary or Cretaceous. Of course the 
Jurassic has not been as thoroughly examined as the other areas, 
since the latter contribute more extensively to the forming of 
agricultural lands in the area studied. 
Sixty miles from Grand Junction, Colorado, down the valley 
of the Grand River lies the little settlement of Moab, Utah. 
While Moab is slightly lower in altitude than Grand Junction, 
the climate and irrigated conditions are entirely similar. The 
soil at Grand Junction, however, is derived from Cretaceous 
rock, while the soil of J\10ab is derived from Jurassic rock. Moab 
is one of the old settlements of Utah, and the land has been 
cultivated for about fifty years, yet no trouble has been reported 
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from exces ive nitrate and alkali, and our examination failed to 
reveal any alkali accumulations. The orchard and shade trees 
are vigorous and sturdy, yet at Grand Junction orchards which 
have not yet been cultivated ten years are now being abandoned 
because of excessive accumulations of alkali, including "nitre 
spots." The difference in the two sections is in the original rock 
material contributing to the soil formation. Just a oon as 
other settlements of Utah, such as Price, Thompson, Green 
River, Emery, Castled ale and Vernal, with similar climate and 
irrigated conditions and where the soil has been entirely derived 
from the same geological horizon as the soils of Grand Junction, 
Colorado, exactly the same conditions a~ise ; i. e., exces ive "alkali 
and characteristic "nitre spots" resulting in the death of or-
chard and shade trees. "Exactly similar conditions also exist at 
Duchesne and Utahn, Utah, and Millburn and Lyman, Wyoming, 
where the soil is derived from Tertiary rock rich in nitrates and 
alkali. The evident conclusion to be drawn is that the alkali 
and nitrate are derived from the country rock. 
The extent of work done does not warrant the conclusion 
that ail the Cretaceous and Tertiary formations of the sections 
mentioned will furnish high per cent of nitrates, or that the 
Jurassic is necessarily free, but that the origin of the troublesome 
amount of nitrates and alkali is in the Tertiary and Cretaceous 
does seem warranted. 
The fact that the country rock of the Tertiary and Creta-
ceous formations in some of the western states is heavily im-
pregnated with nitrates furnishes an adequate explanation not 
only of the nitrate accumulation in the cultivated soil derived 
therefrom, but also explains the pre ence of nitrate accumulations 
in cave depositsl which have been frequently reported. In the 
collection of the samples reported herein several cave deposits 
()f nitrates were observed . The amount of material present was 
al ways too small to be of economic value. The analysis of the 
material from one such deposit in Grass Valley, near Fish Lake, 
I Jtah , gave the following results: 
lHoyt S. Gale, Nitrate Deposits, Bul. 523. U. S. Geological Survey. 
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Total Soluble ______ _________ _________ _ 
Sodium Chloride __ __ ______ ____ ______ _ _ 
Sodium Carbonate ____________________ _ 
Sodium Sulphate _________________ ~ ___ _ 
Sodium Nitrate ________ __ ___ ________ _ _ 
Magnesium Sulphate ______ __________ _ _ 
Potassium Nitrate _____ ___ :... __________ _ 
Calcium Carbonate _________ ~ _______ __ _ 
99.22 
0.41 
0.19 
10.22 
73.43 
2.16 
7.11 
0.06 
The deposit was evidently due entirely to the leaching from 
the country rock. This leaching is going on over the whole sec-
tion, but these accumulations occur only where protection from 
rainfall is afforded by some cave or projecting cliff. The same 
condition is approached when the white ashy or crystaline ma-
terial collected above the shales by rising water~ is protected 
by the plastic, impervious clay layers. 
E. E. Free2 has observed similar conditions in California to 
those observe'd in the clay hills of Utah, Colorado, and Wyoming. 
He reports "The indications of nitrate have been found in low 
rounded hills formed of the clay strata of the Tertiary (?) series 
above mentioned. A~ways these hills ~ave been greatly eroded, 
and their surface is composed 'of a loose structureless clay formed 
by the weathering of the original stratified clays." Free reports 
also that the stratified clays (shales) contain from 0.30 per cent to 
12.28 per cent of sodium ' nitrate, and he emphasizes the fact 
that the nitrate is in the rock not the surface clay, and that it 
is always associated with chlorine. These data presented by 
Free furnish additional evid'ence in favor of the views presented 
in this paper. 
W. Dunstan l has also observed similar conditions in Upper 
Egypt. He has found shales in the Kina district of Upper 
Egypt which give an analysis from 4.85 to 15.43 per cent of 
sodium nitrate. He also demonstrates the possibility of leach-
ing these nitrates out of the shaie by fractional percolation with 
limited amounts of water. The resulting solution contains 
above 50 per cent sodium nitrate together with 38 per cent of 
sodium chloride, and 10 per cent of sodium sulphate. 
This is fully comparable with the method of extraction of 
saltpetre as practiced in India. Leather, in discussing the pro-
2E. E. Free, Nitrate Prospects in the A margosa Valley, near Te-
. copa, Cal. U. S. Dept. of Agr., Bureau of Soils Circular 73, Dec., 1912. 
1 Nitrate Shales. W. Dunstan-Agr. Jour. Egypt. 2, 1913. Ex. Sta. 
Record. Vol. XXIX, p. 318. 
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duction of crude saltpetre, says,2 "The earths from which crude 
saltpetre is obtained contain very varying amounts of nitrates. 
Mr. Hooper quotes the analysis of a large number of samples 
in which the nitrate varies from as little as 1.0 per cent up to 
as much as 29 per cent ; but the general run of these earths does 
not contain much more than 3 to 5 per cent. In addition to the 
nitrate the earths always contain several per cent of chloride 
and sulphate." He also shows that the first extract of the soil 
contains from 15 to 25 per cent of sodium nitrate always accom-
panied by somewhat greater amounts of other soluble salts. 
I t is thus seen that the country rock of widely separated 
areas is heavily impregnated with nitrates. While the geology 
of these outlying sections is not known, enough has been done 
in our own section to predict that the so-called "nitre spots" 
may develop and become troublesome in every section where 
Tertiary and Cretaceous rocks are the chief source in the forma-
tion of the soil. 
Our investigation has not gone far enough to determine 
which members of the snales or sandstones contain the highest 
content of nitrate, but it does show that some bear high per 
cents while others show very small amoupts. This is accounted 
fo r at their origin. The -layers were laid down in shallow seas, 
which at times, owing to the arid climatic conditions, became 
separated to form brackish lakes or salty marshes. In these 
nitrates were deposited more abundantly in the mud accumu-
lated, so in the total accumulation the material thus formed 
will appear as layers or lenses high in nitrates.1 The weathering 
of these same layers at the present time accounts for the rich 
accumulations in local areas. Numerous local enrichments were 
found in uncultivated sections which gave a better chance for 
study than in the cultivated field. 
At Utahn, where the soil is derived from the Tertiary, a 
characteristic brown bog was found immediately below an irri-
gation canal where the water from the canal seeps along the 
bedding plains from the bottom of the canal to the surface of 
the ground below. Other sections of equal moisture were found 
along the same canal, but it appears that the "nitre spot" only 
2The Indian Saltpetre Industry. J. W. Leather-Bu!' 24, .'\gr . 
Research In st ., Pusa, 1911, page 4. 
lSee J ournal of Geology, V ol. 18, pp. 16-22. 
The Nitra te Deposits of Chili.-Penrose. 
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develops where the canal crosses and leaches the member rich in 
nitrates. 
Similar conditions were found in the Cretaceous members 
below a reservoir at Price. The reservoir is constructed in the 
upper Mancos and the land below the impounded water, which 
was dry and without vegetation before, has been converted into 
a literal bog or characteristic "nitre spot" in one year. At 
Castledale and Emery similar spots were found below irrigation 
canals. At Emery the bog was on a side hill entirely devoid of 
any vegetation. On the Experim~nt Farm at Huntington spots 
developed on the farm which seemed to increase in size, until 
the whole farm was affected. Careful study showed that one 
of the Mancos members rich in nitrates was crossed by a canal. 
The same stratum formed a slight syncline or fold , and was 
so truncated as to have the end coming to the surface under the 
soil of the farm. 'The stereotyped drains did no good, but since 
a drain has been placed from the outcropping of the rich mem-
ber the trouble is disappearing. 
If the surface waters which flow from or collect in the dis-
integrated material from the richer members stands on the low 
lands and evaporates it may develop a "nitre spot" on the sur-
face. Wherever observed the water percolating from the shales 
was br~ckish, showing a high content of the salts of the hales, 
but in the low lands where surface wells are used the di inte-
grated shale is associated and interstratified with the gravels and 
sands from the river work. The movement of .the ground water 
is along these strata of coarse material, and while the water 
may contain small amounts of nitrate, its contel].ts cannot be 
taken as an index to the nitrate content of the surface soil. 
The results of this investigation are of the utmo t practical 
importance. With a knowledge of the true source of the nitrates 
and other alkali salts a permanent system of agriculture specially 
adapted to this area may be outlined and adopted. 
As the nitrate or other alkali enrichments occur in stratums 
or lenses rather than throughout the whole formation, continued 
study should allow the mapping of areas most affected or un-
tilled areas likely to be affected. 
As the shales contain higher per cents of the salts than the 
sandstone members and the soil derived from each separately or 
from both, or when influenced by stream erosion is affected 
differently. Continued study should give sufficient data to make 
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a land classification of the sections involved. This should apply 
both to the land now cultivated and that which might be brought 
under cultivation. 
As the movement of the underground waters seem to play 
an important part in the collection of salts or formation of "nitre 
spots," a knowledge of the geology and underground water 
movements as well as surface water conditions are necessary in 
the planning of any effective drainage system. 
The results of the investigation give the reason for the 
lack of ,eo'etation in the clay hill sections, and for the failure 
in plants unaccu tomed to the soils containing such high per 
cents of nitrates. Further study of plant and soil conditions 
should give data sufficient to largely overcome trouble through 
plant adaptation. 
SUMMARY. 
1. orne of the agricultural soils of Utah, Colorado and 
Wyoming contain many times as much nitrat~ as occur in nor-
mal cultivated soils. 
2. These soils containing the greater nitrate content also 
contain large percentages of other alkali salts, such as the chlor-
ides and sulphates of sodium, calcium and magnesium. 
3. When these nitrate accumulations become so concen-
trated as to be injurious to plant-growth they are characterized 
by a brown grea y surface, underneath which occurs a granu-
lar, a sh-like layer which consists of flocculent clay, together 
with crystals of alkali salts. 
4. These characteristic brown spots are, however, not con-
fined to the cultivated areas, for they have been noted wherever 
the water leaching through the country rock evaporates in the 
virgin soil. 
5. l\tluch of the country rock contributing to the formation 
of the soil is heavily impregnated with nitrate accumulations. 
Many samples of the shale and sandstone contain as high a per 
cent of nitrate as occurs in the " nitre spots" in the cultivated soil. 
6. The country rock rich in nitrate contains also ' large 
quantities of the other alkali salts. 
7. Many of the small streams arising from springs in the 
country rock of the affected areas are brackish. 
8. The country rock richest in nitrates is of Cretaceous 
and Tertiary origin. 
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9. The salts in the rock had their origin in the brackish 
waters .of the old Cretaceous and Tertiary inland seas. 
10. The soils in the affected area which are at present be-
ing successfully cultivated have been worked over by the larger 
streams which have partially washed out the salts and also 
contributed soil materials from other areas. 
11. The Cretaceous shale exposed from Palisades, Colo-
rado, to Emery, Utah, contain 90,000,000 tons of sodium nitrate. 
This calculation is based upon the average nitrate content of 58 
samples of shale. There is fully one-fourth as much nitrate as 
this in the sandstone of this area. 
12. The nitrate accumulations in the cultivated soil of 
the affected areas are evidently derived from the nitrate de-
posits occurring origin.ally in the country rock. 
.13. A full realization of the true origin of the "nitre spots" 
enables the farmers in the affected areas to intelligently plan 
for the successful reclamation of the land involved. 
14. A determination of the character of the country rock 
of this ' area is of fundamental importance for the agricultural 
classification of these lands. 
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